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ABSTRACT: 

PROBLEM TO BE SOLVED: To effectively absorb and attenuate unnecessary 
light 

such as ASE leaking form a first core to a second core and to increase 
the 

amplification efficiency for signal light by doping a second core with 
a dopant 

which absorbs signal light without causing interference with excitation 
light. 

SOLUTION: The first core 2 essentially consists of quartz and its outer 
diameter is determined to generate a single mode for signal light. The 
first 

core 2 is doped with rare earth elements such as Nd. As for the clad 
6, a 

polymer resin such as urethane acrylate and polymerthnylethacrysalte is 
used 

for protection and enclosing of light. The second core 4 consists of 
an 

nndoped region 4a in contact with the first c ore 2 and a doped r egion 
4b around 

the region 4a. The both regions essentially consist of quartz, and the 
doped 

region 4b is doped with a dopant which absorbs signal light without 
causing 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optical fiber for 
amplification used as an amplifier which amplifies signal light directly using an induced emission 
phenomenon. 
[0002] 

[Description of the Prior Art] The double core type thing is conventionally proposed by the optical fiber 
for amplification generally used as an amplifier which amplifies signal light directly using an induced 
emission phenomenon. 

[0003] The 2nd core 4 and clad 6 are formed one by one, and this double core type optical fiber 1' for 
amplification becomes the periphery of the 1st core 2, as shown in drawing 6 (a). 

[° 004 ] T hfi 1 st care. ? is % tfynp nf q quart? s vs ten^ the ont.ei^ H»fife»^^ h^rn^ 
sinple mode tn signal lipht.-anH in fa | «=t rr„-» 2, rare earth elements (for example, Nd, Er, etc.) are 
doped. Moreover, the 2nd nnm4. M rfhfOhinfi-Q£ji.q^aff 7 ^f a n as well as the 1st core 2. in order ar e 
efficient and to introduce t he excitation light from the excitation light source like laser diode with a large 
luminesctiltu alea llliu uptiud fibu i', has the cross section large enough and, for this reason, serves as 
a m J ll Timo Hp frnm the, f ^ss section of the 1st core 2 to excitation light. Furthermore, as for clad 6, 
macromolecule resins, such as urethane acrylate and polymethylmethacrylate, are used as an object for 
protection-cum-optical confinements. 

[0005] Moreover, as a refractive-index distribution is shown in drawing 6 (b), the refractive index n2 of 
the 1st core 2 is set up stair-like so that the refractive index n6 of 1.45 to about 1.46 and clad 6 is about 
1.40, the refractive index n4 of 1.463 to about 1.467 and the 2nd core 4 goes to the method of outside 
and a refractive index may become gradually small. 

[0006] In optical fiber 1' for amplification of this composition, by that by which Nd is doped in the 1st 

core 2, while incidence of the signal light of 1.06-micrometer band is carried out into this 1st core 2, 

incidence of the excitation light of 0.80-micrometer band is carried out not only the inside of the 1st core 

2 but into the 2nd core 4. And the pumping of the 1st core 2 is carried out by the excitation light which 

spreads the inside of this 1st core 2 and the 2nd core 4, and signal light is amplified. 

[0007] since [ thus, ] the excitation light of high power can be introduced in optical fiber lfor 

amplification' of this composition into the 2nd core 4 around the 1st core 2 which occupies a latus field 

comparatively ~ the so-called side - the excitation effect is acquired, optical amplification can be 

performed much more efficiently, and there is an advantage that a high power amplification output is 

obtained 

[0008] 

[Problem(s) to be Solved by the Invention] By the way, by above optical fiber 1' for amplification, when 
performing direct amplification of signal light, the signal light which spreads the inside of the 1st core 2 
originates in bending loss, connection loss, etc., and it may leak and come out of it in the 2nd core 4. 
[0009] Moreover, within the 1st core 2, not only the light based on induced emission but the 
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fluorescence (ASE is called hereafter) based on a spontaneous emission is generated simultaneously. 
This ASE is incoherent fluorescence generated over the wavelength-range region before and behind the 
wavelength of signal light, and this ASE is also emitted in the 2nd core 4. 

[0010] And since it will be amplified with the signal light which passes through the inside of the 1st core 
2 when it is reflected in an interface with clad 4 and such unnecessary light which leaked and came out 
in the 2nd core 4 passes through the inside of the 1st core 2 again, the relative amplification efficiency 
over signal light falls. 

[001 1] Let it be a technical problem to have made this invention in order to solve the above-mentioned 
trouble, to absorb and decrease effectively unnecessary light, such as ASE which leaks and appears from 
the 1st core in incore [ 2nd ] in the double core type optical fiber for amplification, to raise the 
amplification efficiency over signal light, and to raise gain further 
[0012] 

[Means for Solving the Problem] In order that this invention might solve the above-mentioned technical 
problem, similarly the 2nd core of the multimode of a quartz system was formed in the periphery of the 
1st core of the single mode of a quartz system, and rare earth elements were doped by the 1st core of the 
above, and the 2nd core adopted the next composition in the so-called double core type optical fiber for 
amplification set up so that a refractive index may become small rather than the 1st core. 
[0013] That is, in this invention, it is characterized by doping the dopant which absorbs signal light, 
without interfering in excitation light incore [ 2nd ]. 

[0014] a group which consists of Dy (dysprosium), Sm (samarium), and Yb (ytterbium) as a dopant 
which especially the rare earth elements doped by the 1st core are Nd, and is doped by the 2nd core 
when the wavelength of signal light is 1 . 1 -micrometer band ~ at least one element in an element can be 
used 
[0015] 

[Embodiments of the Invention] Drawing 1 is the cross section of the double core type optical fiber for 
amplification concerning the operation gestalt of this invention, and gives a sign to the portion 
corresponding to the conventional example shown in drawing 6 identically. 

[0016] In this drawing, 1 shows the whole optical fiber for amplification, and, as for the 1st core and 4, 2 
2 is [ the 2nd core and 6 ] clad. 

[0017] The 1st above-mentioned core 2 is the thing of a quartz system, the outer diameter is set up so 
that it may become a single mode to signal light, and in the 1st core 2, Nd is doped by this example as 
rare earth elements. Moreover, macromolecule resins, such as urethane acrylate and 
polymethylmethacrylate, are used as an object for protection-cum-optical confinements, and the clad 6 
of these composition is the same as that of the thing of the conventional example shown in drawing 6 . 
[0018] Moreover, the 2nd core 4 has the cross section [ as a whole ] larger enough than the cross section 
of the 1st core 2 (the outer diameter [ outer diameter / of the 1st core 2 / as opposed to / about 10 
micrometers / For example, ] of the 2nd core 4 about 125 micrometers), and although the point which 
serves as a multimode to excitation light is the same as the thing of the conventional example shown in 
drawing 6 , it is different from the thing conventional at the following point. 

[0019] That is, this 2nd core 4 consists of non-doping field 4a in contact with the 1st core 2, and dope 
field 4b of the exterior. And although both the fields 4a and 4b of both are the things of a quartz system, 
the dopant which absorbs signal light, without interfering in excitation light is doped by dope field 4b. ' 
the case where the wavelength of the signal light which passes through the inside of the 1st core 2 in this 
example is [ the wavelength of 1 . 1 micrometer band and excitation light ] 0.8-micrometer band as this 
dopant - a group of Dy (dysprosium), Sm (samarium), and Yb (ytterbium) ~ one element in an element 
is used 

[0020] In addition, it is also possible to dope combining 2 of each elements of Dy, Sm, and Yb or three. 
Moreover, although what is necessary is just to be 50 - about 1000 ppm of numbers so that the effect 
which can absorb an unnecessary signal light and unnecessary ASE which leaked and came out of the 
1st core 2 as an amount of dopes of those dopants, and can be decreased may be acquired, if the ease of 
doping is taken into consideration, about hundreds of ppm are desirable. 
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[0021] It is made for these dopants not to exist in non-doping field 4a of the 2nd core 4 on the other 
hand. The distribution of the signal light in which the reason spreads the inside of the 1st core 2 is 
because the signal light which is dependent on the diameter of the mode field, and spreads the inside of 
the diameter of the mode field rather than the actual diameter of this core 2 is not absorbed too much by 
the dopant. It follows, for example, when the outer diameter of the 1st core 2 is [ the outer diameter of 
10 micrometers and the 2nd core 4 ] 400 micrometers as mentioned above, an outer diameter is secured 
to about 50 micrometers as surrounding non-dopant field 4a of the 1st core 2. 

[0022] Drawin g 2 or drawing 5 is as a result of [ which doped each element of Dy, Sm, Yb, and Pr in the 
core of the optical fiber of the usual quartz system, and investigated the magnitude of attenuation of the 
light of each wavelength in that case ] measurement. As shown in drawing 2 and drawing 3 , although 
Dy and Sm which were mentioned above absorb the signal light of the wavelength of 1 .06-micrometer 
band, since they do not interfere in the excitation light of the wavelength of 0.8-micrometer band, it 
turns out that they are suitable as a dopant which should be doped to dope field 4b of the 2nd core 4. 
Moreover, as shown in drawing 4 , since the excitation absorption of light of the wavelength of 0.8- 
micrometer band is small as compared with the signal absorption of light of the wavelength of 1. 06- 
micrometer band, Yb is understood that the use as a dopant which should be doped to dope field 4b also 
in this case is possible. 

[0023] Thus, the optical fiber 1 for amplification of this operation gestalt Since the dopant (Dy, Sm, Yb) 
which absorbs signal light, without interfering in excitation light is doped to dope field 4b of the 2nd 
core 4 The signal light and ASE which leak and come from the 1st core 2 in the 2nd core 4 Since it 
absorbs and decreases by the dopant doped by dope field 4b of the 2nd core 4, the probability that such 
unnecessary light will pass through the inside of the 1st core 2 again can become very low, the 
amplification efficiency over signal light can become high, and gain can be raised further. ' 
[0024] In addition, although the above-mentioned operation gestalt explained the case where Nd was 
doped in the 1st core 2, when Eris doped in the 1st core 2. the following can be used as a dopant which 
should be doped in the 2nd coreT 

[0025] In above-mentioned drawing 2 , the absorption of light of Dy of the wav elength of 1.5 5- 
micrometer band is larger than the light of tHe wavelength Of 1 .48-micrometer band. Moreover, as 
shown in drawing 5 , the^b sorption of light with a w avelength of 1 . 5 5 micrometers of Pr 
(p raseodymium) is larger th an light with a wavel ength ot U.98 micrometers" 
[00^6] I herer'ore, when Er is doped' lii I'e I'sn^rB-g Twavt^eflgt h'd f signal li g ht is used as 1.55- 
micrometer band, when the wavelength of excitation light is 1 .48 micrometers, into the 2nd core 4 
wavelength of signal light is used as 1.5 5 -micrometer band for Dy again, and when the wavelength of 
excitation light is 0..98 micrometers, it is desirable to dope Pr (praseodym ium^ in ^ f o n A a 
Moreover, as an amount of dopes of those dopants, although what is necessary is just to be 50 - about 
1000 ppm of numbers, if the ease of doping is taken into consideration, about hundreds of ppm are 
desirable. 
[0027] 

[Effect of the Invention] Since an unnecessary light which leaks and appears in incore [ 2nd ] in the 
double core type optical fiber for amplification can be absorbed and decreased effectively according to 
this invention, the amplification efficiency over signal light becomes high, and it becomes possible to 
raise gain of it further. 

[Translation done] 
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